Actinobacillosis is a globally prevalent infectious animal disease caused by Gram-negative bacilli of the genus *Actinobacillus*. *Actinobacillus lignieresii* is a common commensal inhabitant of the ruminant oral cavity. The bacteria can cause infection by invading adjacent soft tissues after the development of a penetrating wound. This type of *A. lignieresii* infection is characterized by pyogranulomas containing sulfur granules. In cattle, the typical inflammatory lesions occurring in the oral cavity and the tongue are commonly referred to as "wooden tongue". However, the infection may not be limited to the oral cavity and tongue, and can spread to the adjacent soft tissues of the mouth and regional lymph nodes \[[@r8]\]. Granulomatous lesions in the skin (cutaneous form), lymph nodes \[[@r5]\], head, flank, wall of the stomach and limbs \[[@r2]\] have been reported in cases of *A. lignieresii* infection. Atypical *Actinobacillus* granulomas have been identified in the nasal cavity, cervical area and the lungs in cattle \[[@r7]\]. These lesions had been confused with neoplasms, nasal polyps or exuberant granulation tissue \[[@r7]\]. Furthermore, multiple granulomas have been detected in the abdomen of cows after Cesarean sections \[[@r3]\]. The purpose of this case study is to describe atypical *A. lignieresii* infection characterized by multifocal suppurative granulomatous peritonitis in a beef steer.

Nine hundred sixty crossbred Angus cattle (8 to 12 months of age) were imported from Australia to Japan. Upon delivery to Japan, none of the cattle showed abnormal clinical signs or evidence of disease. ELISA test for brucellosis and Johne's disease; a delayed type hypersensitivity test using Johnin; and microscopic examinations of blood smear samples for piroplasmosis, anaplasmosis and trypanosomiasis were conducted as routine examinations for imported feeder cattle, and all the results were negative. Two animals died during the 15-day quarantine period: one animal died suddenly on the eighth day (animal 1), and the second animal (animal 2) developed respiratory signs and died on the twelfth day. Necropsy was performed on both animals. No clinical abnormalities were observed in remaining 958 cattle.

During the departure quarantine period in Australia, all cattle were vaccinated against *Mannheimia haemolytica,* bovine herpesvirus (Bovilis MH+IBR; Coopers Animal Health, Macquarie Park, NSW, Australia) and bovine pestivirus (Pestigard; Zoetis, Parsippany, NJ, U.S.A.). In addition, to comply with animal health requirements for importing cattle to Japan from Australia, animals were treated with long-acting oxytetracycline for leptospirosis.

Gross necropsy examination of animal 1 revealed extensive adhesions between the peritoneum and the intestines. Both the peritoneum and mesentery had numerous firm nodules of varying sizes ([Fig. 1a](#fig_001){ref-type="fig"}Fig. 1.a. Gross finding of the peritoneum showing extensive adhesion to the intestine. Numerous firm foci were disseminated throughout the peritoneum and the mesentery. Bar=5 cm. b. Low magnification of the abdominal mass demonstrating granuloma surrounded by extensive fibrous tissue. HE stain. Bar=500 *µ*m. c. Eosinophilic club-like spicules (asteroid bodies) contain bacterial colonies. A lot of neutrophils and macrophages infiltrate around the granule. HE stain. Bar=20 *µ*m. d. Immunohistochemistry showing that bacilli in the asteroid bodies react with an antibody against *A. lignieresii* serotypes 1 to 6 mix. Bar=10 *µ*m.). The jejunal mucosa was extensively congested and focally thickened. The mesenteric lymph nodes were moderately swollen. Foamy fluid was identified in the trachea, and blood clots were found at the tracheal bifurcation. Petechial to ecchymotic hemorrhages were observed throughout the lungs. No gross lesions were found in other organs, including the brain and spinal cord.

Gross necropsy of animal 2 showed only severe fibrinous pneumonia.

At necropsy, tissue samples of the liver, spleen, kidney, heart, lung and intestines, and of any noted gross abnormalities (nodules of the peritoneum and mesentery) were fixed in 10% neutral-buffered formalin. Fixed tissues were embedded in paraffin wax, sectioned (approximately 3-*µ*m thick) and stained for histological examination with hematoxylin and eosin (HE) and Gram stain.

Histological examination revealed that the affected peritoneum of animal 1 was composed of multiple suppurative granulomas ([Fig. 1b](#fig_001){ref-type="fig"}), which were characterized by asteroid bodies with bacterial colonies. The colonies were Gram-negative bacilli on Gram stain, and those were surrounded by neutrophils, macrophages and fibroblasts and showed evidence of neovascularization ([Fig. 1c](#fig_001){ref-type="fig"}). Some coccidial schizonts were observed at the mucosa of the jejunum. Lymphangiectasia and slight to moderate inflammatory cell infiltration to the jejunal lamina propria were noted surrounding the protozoan lesions. The bronchiolar lumen contained a small amount of red blood cells, necrotic cells, bacterial colonies and food debris, and moderate diffuse congestion was observed in the lung.

Immunohistochemistry was performed to detect the *A. lignieresii* antigen. All formalin-fixed tissues were cut in 3-*µ*m-thick sections, treated with 3% hydrogen peroxide in methanol (to suppress endogenous peroxidase activity), then treated with 0.1% actinase E solution and incubated at 37°C for 20 min for antigen retrieval. The tissues were then incubated with rabbit anti-*A. lignieresii* serotypes 1 to 6 mix primary antibody (National Institute of Animal Health, Tsukuba, Japan) for 30 min at room temperature and then reacted with a secondary antibody (Histofine Simple Stain MAX-PO (R), Nichirei Bioscience Inc., Tokyo, Japan). After rinsing with phosphate buffered saline, the specimens were incubated with aminoethyl carbazole (AEC) substrate solution (Histofine Simple Stain AEC solution, Nichirei Bioscience Inc.) at room temperature for 5 min and then counterstained with hematoxylin. Immunohistochemistry analysis demonstrated that the Gram-negative bacilli identified in the asteroid bodies of the suppurative granulomas reacted with the antibody against *A. lignieresii* serotypes 1 to 6 mix ([Fig. 1d](#fig_001){ref-type="fig"}).

For bacterial culture, tissue samples of the liver, spleen, kidney, heart, lungs and peritoneal nodules were inoculated into normal blood agar, deoxycholate-hydrogen sulfide-lactose (DHL) agar and Gifu anaerobic medium (GAM) blood agar and then incubated at 37°C under 5% CO~2~, aerobic or anaerobic condition. In addition, the nodules were inoculated into heart infusion agar, Columbia colistin and nalidixic acid (CNA) agar, and trypticase soy broth (TSB) and incubated at 37°C under 5% CO~2~. A Gram-negative bacillus was isolated from the nodules of the peritoneum, and the isolate was catalase and oxidase positive. No bacteria were isolated from any of the other tissue samples.

The isolate was assayed for susceptibility to 7 antibiotics: penicillin, imipenem, ofloxacin, norfloxacin, kanamycin, sulfamethoxazole-trimethoprim and chloramphenicol (Sensi disk; Becton, Dickinson and Co., Franklin Lakes, NJ, U.S.A.) and showed resistance to penicillin.

In order to identify the bacteria, genomic DNA was extracted from bacterial colonies by using a DNA extraction kit (InstaGene Matrix; Bio-Rad Laboratories, Hercules, CA, U.S.A.) according to the manufacturer's instruction. Phylogenetic analysis based on 16S ribosomal RNA gene (16S rDNA) was used to identify the bacteria \[[@r11]\]. A \~500 bp region of the 16S rDNA gene was amplified and sequenced using a MicroSeq 500 16S rDNA PCR/Sequencing Kit (Applied Biosystems Life Technologies, Carlsbad, CA, U.S.A.). The isolate was identified as *A. lignieresii* (ATCC 3369, 100% identity) by sequencing the amplified 16S rRNA region.

The typical clinical manifestation of *A. lignieresii* infection involves the tongue and soft tissues around head \[[@r8]\], and subclinical infection is often identified at slaughter \[[@r10]\]. However, atypical actinobacillosis is also common. Atypical distribution of granulomatous lesions with *A. lignieresii* has been reported in cutaneous tissues \[[@r2], [@r5], [@r6]\], rhinopharynx \[[@r1]\] and omentum \[[@r9]\] of cattle. In the case reported here, tuberculosis, nocardiosis and actinomycosis were also suspected for a differential diagnosis, however, immunohistochemical analysis and isolation, identification and genetic sequencing of isolate denied these diseases and confirmed the diagnosis of *A. lignieresii* infection.

*A. lignieresii* infection in soft tissues occurs following mucosal abrasion or penetrating wounds of the mouth or skin, respectively \[[@r8]\]. The presence of granulomas on the peritoneum suggests the organism was disseminated either via blood or via lymphatic vessels. Young cattle are at a risk for infection and may develop the characteristic lesions in a few days \[[@r8]\]. In our case, the stress of transportation is a likely predisposing factor for the infection.

Animal 2 died of severe fibrinous pneumonia. *A. lignieresii* was not isolated from any of the tissue samples. The cause of death in this animal was bovine respiratory disease complex unrelated to the actinobacillosis identified in animal 1.

The *A. lignieresii* identified in our study was resistant to penicillin, a finding that has been previously reported \[[@r5]\]. However, the isolate was susceptible to sulfamethoxazole-trimethoprim. The susceptibility of this bacterium to sulfamethoxazole-trimethoprim is important, because of the rare zoonotic potential of *A. lignieresii*; human infection with *A. lignieresii* has been reported after a horse bite \[[@r4]\].

The occurrence of *A. lignieresii* granulomas in the peritoneum of cattle is rare and has not been previously reported in Japan. Therefore, additional investigations will be necessary to confirm the difference of pathogenicity among the conventional strains of *A. lignieresii* and the isolate in this study.
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